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Abstract

AIM: To assess the feasibility and usefulness of multi-detector
CT enterography with orally administered iso-osmotic
mannitol as negative contrast in demonstrating small
bowel disease.

METHODS: Thirteen volunteers and 38 patients with
various kinds of small bowel disease were examined. We
administered about 1 500 mL iso-osmotic mannitol as
negative contrast agent and then proceeded with helical
CT scanning on a Siemens Sensation 16 scanner. All
volunteers and patients were interviewed about their
tolerance of the procedure. Two radiologists post-
processed imaging data with MPR, thin MIP, VRT and
INSPACE when necessary and then interpreted the scans,
and adequacy of luminal distention was evaluated on a
four-point scale. Demonstration of features of various
kinds of small bowel disease was analyzed.

RESULTS: The taste of iso-osmotic mannitol is good
(slightly sweet) and acceptable by all. Small bowel
distention was excellent and moderate in most volunteers
and patients. CT features of many kinds of diseases such
as tumors, Crohn’s disease,and small bowel obstruction,
etc. were clearly displayed.

CONCLUSION: Multi-detector CT enterography with
iso-osmotic mannitol as negative contrast to distend the
small bowel is a simple, rapid, noninvasive and effective
method of evaluating small bowel disease.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

The small bowel remains the most challenging segment of
the alimentary tube to examine, due to its length, caliber,
and overlap of loops. Batium enteroclysis is the conventional
radiographic examination method which shows intraluminal
lesions, while abdominal CT displays extraintestinal manifestations
of small bowel disease. CT enteroclysis (CT-E) is a method
of examining the small bowel that combines the advantages
of both the the above-mentioned methods!".

Due to the ability of multidetector CT scanners to scan
large volumes at faster speed with the ability to perform
reconstruction following the examination, CT-E has become
a more feasible extension of the conventional enteroclysis
and CT methods of examining the small intestine. A well
distended small bowel is mandatory to prevent diagnostic
error due to empty loops, so placement of a nasojejunal
tube is usually needed which is uncomfortable. The study is
to assess the feasibility and usefulness of CT enterography
using iso-osmotic mannitol as a orally administered negative
contrast agent.

MATERIALS AND METHODS

Materials

Fifty-one subjects (female 21, male 30, mean age 52.3 years,
age range = 19-81 years) were included, 13 of which were
normal volunteers and 38 were patients with various kinds
of diseases proved surgically, endoscopically, pathologically
and clinically. There were 15 cases of small-bowel tumors,
nine cases of Crohn’s disease, four cases of small-bowel
adhesions after surgery, five cases of mesenteric ischemia,
one case of intussusception, one case of cosinophilic
gastroenteroitis, one case of volvulus, one case of duodenal
stasis and one case of ileal chronic ulcer with multiple
inflammatory polyps.

Protocol

The cleansing preparation usually requires a low-residue diet,
ample fluids, and 500 mL 20% mannitol administered orally
as laxative on the day prior to the exam, and nothing to eat
on the day of the examination. About 1 500 mL of iso-osmotic
mannitol was drunk continuously in 40-60 min, and then
20 mg of Raceanisodamine hydrochloride was injected
intravenously. Five to ten minutes later began the helical CT
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Table 1 Distension, diameter, wall thickness and enhancement of normal small intestine

Distension Diameter/wall thickness Plain/artery phase/ venous phase enhancement (Hu)
Duodenum 2.52+0.22 19.4+7.01/1.68+0.83 36.65+4.15/70.65+11.95/78.6+12.75
Jejunum 2.33+0.19 20.68+3.47/1.1+0.51 33.26+5.06/65.43+8.15/73.31+11.74
Tlleum 2.81+0.31 18.10+4.11/0.90+0.34 6.96+4.51/65.29+8.06/72.17+12.11

scanning on a Siemens Sensation 16 scanner (Siemens, Erlanger,
Germany) with CARE DOSE 4D software and the following
parameters: 120 KVP, 130 effective mAs, 0.5 S rotation
time, 7.0 mm thickness, and Kernel B 20 f smooth. After
plain scan, arterial phase and venous phase were scanned
20-30 s and 50-70 s after the start of the intravenous
injection of 100 mI. Omnipaque (300 mgl/mL) at a rate
of 3.5 mL/s. Raw data were retrospectively reconstructed
with a thickness of 0.75 mm and a gap of 0.7 mm, which
was post-processed into MPR, thin MIP and VRT at a
WIZARD workstation, using Inspace when necessary.

Acceptance of the procedure was interviewed, and the
cost of the examination was also evaluated.

Image evaluation

Imaging data were independently interpreted by three
experienced abdominal radiologists together. Small bowel
was divided into three segments: duodenum, jejunum and
ileum. Adequacy of luminal distention was assessed with a
four-point scale in each segment. A distention score 0, 1, 2,
3 represents less than 30%, 30-50%, 50-80% and more
than 80% respectively of the evaluated segment was
adequately distended. The maximun outer diameter and wall
thickness of duodenum, jejunum and ileum were measured
and the CT values of bowel wall in different phase were
measured with a ROI of 2 mm? The truncated areas of
superior mesenteric artery and superior mesenteric vein were
measured in front of the unicate of pancteas. The demonstration
of mesenteric vasculature was evaluated. MDCT-E features
and characteristics of various kinds of diseases were also
observed and analyzed including the changes of lumen,
wall, vascular, mesenteric and other organs.

Statistical analysis
The results of maximun outer diameter of the small bowel,

Figure 1 Coronal section shows adequate small bowel luminal distention,
uniform wall enhancement and normal superior mesenteric vessels and their
branching.

CT values of bowel wall, and the truncated areas of superior
mesenteric artery and superior mesenteric vein were all
expressed as mean+SD, and the difference of distension
scores among three radiologists was analyzed by y* test.
P<0.05 was considered statistically significant.

RESULTS

Acceptance of the procedure

All volunteers and patients considered the taste of iso-osmotic
mannitol as good or acceptable, and no discomfort and
complication were found. In our hospital, it costs about
1 000 yuan RMB, just equal to the charge of the CT
examination of the whole abdomen.

Luminal distention and measurements of volunteers
Luminal distention was satisfactory and adequate especially
in the ileum in most normal volunteers, the distention score
being 2.524+0.22, 2.33+0.19 and 2.81+0.31 in duodenum,
jejunum and ileum respectively, and difference of distension
scores among three radiologists was not statistically significant
(x* = 1.464, P = 0.486). The normal outer diameter and
wall thickness of small bowel were generally less than 30
and 3 mm in all volunteers (Table 1). The truncated area of
superior mesenteric artery (SMA) and superior mesenteric
vessel (SMV) were 0.4340.14 and 1.344+0.31 cm® Normal
branching of SMA, SMV, and inferior mesenteric artery
and inferior mesenteric vein was demonstrated clearly even
to the vasa recta (Figure 1).

MDCT-E features of various kinds of diseases

Small bowel tumors Three cases of adenocarcinoma,
two in the duodenum and one in jejunum, manifested as
lobular small mass and small bowel obstruction (Figures 2
and 3A). The mean diameter of the masses is 3.05+1.23 cm
and enhanced markedly (mean CT value being 42.03+8.70,

Figure 2 Axial CT-E image of lower abdomen shows an irregular mass at the
obstruction point (arrow) which is supposed to be at the ileum.
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Figure 3 Value of coronal images. A: Cronal projection of the same patiet as
fig 2 vividly displays the enhanced mass (arrow) at the dilated and elongated
proximal jejunum; B: Coronal projection of a jejunal GIST clearly exhibits
subserously located, markedly enhanced the mass (thin arrow) and its feeding
artery and draining vein (thick arrow). C: Coronal projection of a MALT lymphoma

91.30£11.51 and 95.30+9.08 HU at plain scan phase, artery
phase and venous phase, respectively). No obviously dilated
feeding artery and draining vein were found. Six cases of
gastrointestinal stromal tumors (GISTS), one in duodenum
and four in jejunum (Figure 3B) and one in ileum,
characterized as bigger mass and no bowel obstruction. The
masses are larger than adenocarcinoma (mean diameter =
5.13£2.91 cm) and enhanced more significantly (mean CT
value being 36.30+12.33, 124.50+12.34, and 136.78+9.12
HU at plain scan phase, artery phase and venous phase,
respectively). There were dilated feeding arteries and draining
veins in two cases, ring-like calcification in two cases,
punctuated calcification in one case, internal necrosis in
three cases, hepatic metestasis in one case. All masses are
subserously located. One case of T-cell lymphoma
demonstrated as thickened wall with ulcer. One case of
mucosa associated lymphoid tissue lymphoma in ileum was
featured as aneurysmal dilatation of a long segment of
thickened ileal loop that cannot be seperated from the
bladder and multiple mesenteric nodes (Figure 3C). One
case of fibromyxoid sarcoma manifested as a intraluminal
mass enhanced markedly combined with retroperitoneal
masses. One case of jejunal lipoma displayed as an
intraluminal fat density mass with a long stalk. Two cases
of peritoneal metastatic adenocarcinoma, which were from
pancreatic carcinoma and colon carcinoma respectively,
showed peritoneal masses and jejunal obstruction.

Crohn’s disease In nine cases of Crohn’s disease, 14 segments

Figure 4 Sagittal projection of the same patient as figure 3D shows a markedly
enhanced enterocutaneous fistula (arrow).

shows aneurysmal dilatation of a long segment of thickened ileal loop that
cannot be seperated from the bladder and multiple mesenteric nodes. D: Coronal
projection of a patient with Crohn’s disease shows segmental ileal wall thickening,
mucosal enhancement, prominent perienteric vasculacture and cutaneous
orificium fistulae (arrow).

were involved. The common CT-E signs (Figures 3D and 4)
were mucosal enhancement, bowel thickening, luminal
stricture and prestenotic dilatation, mesenteric fibrofatty
change, prominent perienteric vasculature, mural stratification,
enlarged lymph nodes. Other signs include ascites (four
cases), abscess anal fistula (one case), enterocutaneous fistula
(1 case), gall bladder wall enhancement (two cases) and
pelvic bone destruction (one case).

Post-operative adhesions In four cases of post-operative
adhesions, common CT-E signs were abnormally distributed
loops. Internal hernia and then strangulation (intramural
gas) was found in one case. A band and a closed loop were
found in the second patient with obstruction. Chronic ulcer
in an adhered jejunal loop was displayed cleatly in the third
patient. Small-bowel loops surrounding a peritoneal catheter
was found in the fourth patient.

Mesenteric ischemia In five cases of mesenteric ischemia
the common signs were thickened bowel wall and fuzzy
mesenteric fat. Two cases were atherosclerotic disease of
the superior mesenteric artery (SMA), and luminal narrowing,
fewer branching and calcified atherosclerotic plaque were
found on the thin MIP. Pneumatosis was found in one
patient who combined with pyemia. One case of acute
mesentetic ischemia was caused by thrombosis in the SMA
which showed the filling defect in the SMA and small bowel
mural stratification (Figures 5 and 6). One case of
thrombosis in the proximal superior mesenteric vein and
one case of hematoma in mesenteric root were clearly

Figure 5 Axial section of an acute mensenteric ischemia caused by thrombosis
shows an filling defect in SMA (arrow).
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Figure 6 Lower section of the same patient as Figure 5 shows small bowel
wall thickening with mural stratification.

demonstrated as intraluminal defect and high density mass
around the proximal superior mesenteric vessel.

Others One case of ileum-ileum intussusception looked
like sausage-like mass at the obstruction point, the
intussuscipiens and intussusceptum being clearly identified.
One case of eosinophilic gastroenteritis had diffusely
thickened bowel wall that resolved very soon after the
administration of cortical hormone. One case of small
bowel volvulus after gastric operation showed the whirl sign
of the vessels in the mesentery and the mesenteric density
increased. One case of duodenal stasis was characterized
as dilated proximal duodenum and compressed transverse
segment of duodenum by aorta and superior mesenteric
artery. One case of chronic ileal ulcer with multiple
inflammatory polyps were clearly defined on CT
enterography, and the ulcer demonstrated as a regional
eccentric thickened bowel wall with irregular inner border

and polyps as brightly enhanced nodules.

DISCUSSION

Owing to its length, caliber, and overlap of loops, small
bowel remains the most challenging part to be assessed.
Barium enteroclysis shows the intraluminal lesion clearly
but cannot depict mural and extraintestinal changes, while
conventional abdominal CT without adequate distention of
the bowel can display the outside of the bowel but usually
overlook the intraluminal disease and mural change. MDCT-
E combines the advantages of the above two methods and
overcomes each other’s disadvantages. Currently, data on
the technical and clinical application of MDCT-E is
fragmentary and preliminary!™. The adequate distention of
small bowel is mandatory to CT-E, and numerous techniques
have been designed to optimize visualization of the small
bowel), and the majotity of these studies have employed
fluoroscopic placement of a nasojejunal tube to infuse
contrast material. A few recent reports described CT
enterography with orally administered negative contrast,
which had satisfactory results®*?.

Clinical applications of CT-E included: (1) small bowel
obstruction - conventional CT has high sensitivity in
diagnosing high-grade obstruction and is of value in
confirming the presence or absence of strangulation.
Contrast examination is not indicated in these cases!*.
CT-E has been reported to have greater sensitivity (89%)
and specificity (100%) than conventional CT (50% and 94%,

respectively) in patients suspected of having a partial small
bowel obstruction, and this difference was even greater when
abdominal malignancy was known ot suspected!. The precise
localization and classification of adhesions, the most
common cause of small bowel obstruction, is readily made
with CT-E. Analysis of axial images aided by coronal and
sagittal reformatting allows categorization of small bowel
adhesions into parietal and visceral adhesions. This ability is
especially useful in complicated cases and often increase
the confidence of the radiologists?. In addition, clinicians
and surgeons appreciate the availability of additional
planes, which helps them to better understand complex
cases!"”). Single or multiple points of obstruction are readily
demonstrated similar to barium enteroclysis but their precise
location is made easier with CT-E. Obstruction from primary
malignancy or metastatic disease is also diagnosed readily
with CT-E". (2) Crohn’s disease - CT has come to play an
increasingly important role in the evaluation of patients with
Crohn’s disease because of its ability to accurately demonstrate
the bowel wall as well as adjacent structures and extraluminal
extension of diseasel'?. For acutely ill patients, CT is often
the only study required, providing crucial information for
both the accurate diagnosis and treatment of the many
complications associated with Crohn’s disease!">"\. Patients
with Crohn’s disease often have complex disease that
involves multiple bowel loops or adjacent organs. The ability
of CT-E to visualize the scan in more than the axial plane is
essential for complete understanding of the extent of the
disease. Multiplanar reconstructions significantly improved
the observer’s confidence in their interpretation of the
imaging and in their ability to detect the extent of the bowel
involvement!"®. We also found that multiplanar reformation
is very useful in vividly displaying the complex involvement
of Crohn’s disease. CT-E can be highly accurate in depicting
mucosal abnormalities, bowel thickening, fistulae, and
extraintestinal complications. Activity of Crohn’s disease
was evaluated on CT-E by the presence of mural stratification,
mucosal and mural hyperenhancement, edema in the
perienteric mesenteric fat, and prominent pericolic or
perienteric vasculature®”?, (3) Neoplasms - CT plays a
more active role in detection and staging of small bowel
neoplasms. Even subtle adenocarcinomas can be visualized
by CT-E, which most frequently appears as eccentric or as
circumferential wall thickening involving a short segment
of the small bowel and results in “apple core” appearance®.
Gastrointestinal stromal tumors (GISTSs) can be seen as a
large mass on CT-E, which may be helpful to define the site
of the tumor; benign GISTSs cannot be reliably differentiated
from malignant ones on CT unless there is obvious metastasis
or local extension. GISTSs can ulcerate or calcify and usually
are not associated with significant adenopathy?”. In our
group, GISTs usually enhanced significantly and have dilated
feeding arteries and draining veins. Carcinoid tumor has a
propensity for illeumP", which has not been very successfully
detected by traditional CT examinations and now can be
visualized when water is given as oral contrast and a good
IV contrast bolus is administered and thin-collimation MDCT
is petformed™. Carcinoids that have infiltrated the mesentery
demonstrate a characteristic CT appearance as an infiltrating
mesenteric mass that contains calcification in upto 70%
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of cases. MDCT-E well demonstrate the relationship of
the mass to the mesenteric vessels, which is crucial for
surgical planning®. CT has played an important role in
evaluation and follow-up of patients with lymphoma®*.
Primary small bowel lymphoma often appears as focally
thickened loop, which usually does not result in obstruction.
CT-E offers the advantage of simultaneously assessing
adenopathy, extraluminal extent and small bowel lesions.
CT-E, because of the large surface rendering with a volume
challenge, allows delineation of lesions as small as 0.5 cm in
size®l. (4) Obscure gastrointestinal bleeding - in patients
with an obscure gastrointestinal bleeding, the conventional
small bowel follow through has no place in clearing the
small bowel after negative endoscopy, angiography, or a
tagged red cell scan*?7. Traditional double-contrast
enteroclysis is estimated to be successful in 21% of such
cases™. CT-E maybe useful in patients with anemia of
unknown origin. Arteriovenous malformations are the most
common vascular etiology. CT-E using methylcellulose as a
neutral luminal contrast material with an IV contrast bolus
of 150 mL at 4 mI./s can potentially identify the source of
unexplained gastrointestinal bleeding. Vascular malformations
have been diagnosed on helical CT with IV contrast
material®), Duodenal varices have been reported to be
successfully demonstrated by multislice helical CTP.

To our knowledge, this is the first report of CT enterography
using iso-osmotic mannitol as orally administered negative
contrast to distend the small bowel. Iso-osmotic mannitol is
slightly sweet and acceptable, which cannot be absorbed by
the intestine and a large volume administered orally in a
short time can distend the small bowel adequately. This
method freed the patients from the placement of nasojejunal
tube and acceptable by most patients without important
complications. The lumen, wall, extraintestinal structure, and
other organs are satisfactorily demonstrated in both
volunteers and patients. In our group, adenocarcinoma
manifested as small mass with obstruction while GIST as
bigger mass enhanced significantly without obstruction.
Crohn’s disease characterized as thickened wall, enhanced
mucosae, fuzzy mesenteric fat, enlarged lymph nodes,
prominent perienteric vasculature and extraintestinal
complications. Other diseases have also been shown clearly.

With comparison to conventional CT, we found that
MDCT-E has many advantages: (1) lesion can be localized
more precisely and characterized accurately. Two cases of
adenocarcinoma associated with bowel obstruction had been
mis-interpreted as distal small bowel obstruction or colon
obstruction on conventional axial CT scans, while CT
enterography accurately showed the mass causing proximal
small bowel obstruction. (2) CT enterography can display
mesenteric lymphadenopathy which usually be overlooked
at conventional CT. (3) CT enterography with its 3-D display
can more precisely explain the relationship between lesions
and neighboring structure that is helpful to surgery. (4) CT
enterography with its coronal projections that is similar to
conventional enteroclysis is much more welcomed by
surgeons and physicians.

Although our experience is limited, we believe that CT
enterography with iso-osmotic mannitol as orally
administered negative contrast is a simple, noninvasive,

economic, effective method for assessing small bowel
diseases and others, which should be further studied.
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